The duration of speech segments as a function of position in utterances (initial, roedial, final) was studicd. In the first cxpedment seven Engl/sh speakers read nonsense utterances of the form "say a [bab], say a [bgbab], say a [babgb]," etc. Spectragrams were used to determine the duration of speech segments in the readings. Final syllables were found to be longer than nonfinal syllables. F/hal-syllable vowel increments were approxlma•ly 100 msec. F'mal-syllable consonant increments were less than vowel increments; for instance, absolute final consonant increments were about 20 msec. Also word-/nitial consonsnts were found to be lengthened by 20--30 msec over roedial consonants. Subsequent experimentation dcrnonstratcd with English nonsense words that (l) final-syllable and initial-consonant len8thening occur in utterances with various intonational patterns (imperative, dccLarative, interrogative); (2) final-syllable lengthenin 8 occurs in word-fmal and phrase-final poaitions as well as in utterance-tlnal position; and (3) final-syllable and initial-consonant lengthening occur in various kinds of syllables, including syllables with diphthongs, with fricative consonants, with voiceless stops, with consonant cluster, and with no final consonants (i.e., CV syllables). These studies report durational increments of particularly great magnitude for absolute f'mal frieative consonants. Explanations of the lengthening effects are discussed. One theory suggests that lengthening in certain utterance posifiuns iz a learned aspect of language which cues listenera concerning the location of boundaries of words, phrases, or sentences. Explanations based on hypothesized properties of the speech production process are also discussed.
Lindblare has conducted a study which is ideally designed to answer the above questions. a His data are based on readings by Swedish subjects of a systematically controlled inventory where the segmental structure of all syllables is comparable. His results show a considerable final-syllable lengthening effect for both vowels and consonants.
In the present study, the first experiment represents a replication and extension of the Lindblom data with English-speaking subjects. In the remaining experi- Subjects: The subjects were seven male students at the University of Texas at Austin. All were native speakers of American English.
Recording: Subjects were given a few minutes to learn to read the nonsense words with the correct stress patterns. If a subject had difficulty with a stress pattern, he was asked to make use of the example words, and if he still had difficulty, the experimenter would assist by pronouncing the word. Subjects were instructed to maintain constant rate and constant volume. At least four samples of each utterance were recorded from each subject. Three subjects read the inventory in the order presented in Table I , while the other four read a randomized ordering of the utterances. The restfits revealed no important differences between the data of subjects who read the items in order of increasing word length and those who read in random order.
Segmentation: For each utterance a wide-band spectrogram was made on a Kay Sonagraph. The scale magnifier was set so as to reproduce between 80 and 3600 Hz.
The segmentation of the acoustic signal was carried out by reference to spectrographic evidence of lip closure and lip opening. The great majority of the utterances were produced with dear plosive bursts, and consequently the problem of determining the times of closure s and opening was usually easy to solve. Fricativized utterances were discarded and replaced by new sample utterances whenever possible.
Two segmentation procedures were used--one in which the appearance and disappearance of high-frequency spectrographic information (2000-3600 Hz) was the segmentation criterion (two subjects), and one in which the appearance and disappearance of lowerfrequency information (80-2000 Hz) was the criterion (five subjects). In the former case the resulting vowels were 10-20 msec shorter and the consonants 10-20 msec longer than in the latter case. None of the durational effects of position-in-utterance or word length appear to have been altered by the change in segmentation procedure. In addition, the results were checked by making oscillograms of 13 of the tape-recorded utterances. Segmentation of the oscillograms produced restfits that correlated very highly (r=0.98) with the original spectrographic data. Furthermore, a set of 15 of the utterances was segmented by reference to the amplitude displays of the spectrograms. Again the resulting data correlated very highly (r=0.98) with the original spectrographic restfits. The values for particular segments determined by the osci!lographic or amplitude display methods were within 10 msec of the original spectrographically determined values in 88% of the cases. The study's basic data (viz., those concerning final-syllable lengthening and initial consonant lengthening) were not altered by changes in segmentation procedure.
An estimate of measurement error was arrived. at by segmenting spectrograms of two of the experimental utterances four separate times. A standard deviation was computed on the measurements of each of the 22 segments in the two nonsense words. An average standard deviation over the 22 segments was then taken. This average was approximately 3 msec which agrees well with the estimates of measurement error arrived at by Shoekey et al. (5 msec) and Lehiste (between 2 and 3 msec). 7
B. Results
The most striking effect in the data from Experiment 1 is the lengthening of the vowel in the final syllable of utterances. If final-syllable stressed vowels a are compared with other stressed vowels, and final-syllable unstressed vowels are compared with other unstressed vowels, it is determined that vowels in final syllables are consistently longer than vowels in other syllables. Over all seven subjects, the average increment (i.e. durational difference between final-syllable vowel and non-finalsyllable vowel) is approximately 100 msec for both stressed and unstressed vowels. Five subjects show greater absolute increments for unstressed vowels than for stressed vowels. Two subjects show greater increments for stressed vowels. The average increment ranges from about 70 msec for two of the subjects to about 160 msec for one subject.
In Fig. l(a) , stressed vowel duration is plotted against number of syllables in words. The data are averaged over the seven subjects. The leftmost bar in earda cluster of bars represents the average duration of the first vowel in words of the specified length, and the rightmost bar represents the average duration of the last vowel in the words of the specified length. The last vowel, the rightmost bar in each cluster, is invariably longer than any other bar in the cluster. The same finalsyllable lengthening trend is evident in Fig. 1 (b Wide-band spectrograms were made for each uttermace, and segmentation was conducted in the same manner as in the earlier experiment, i.e., spectrographic evidence df lip closure and lip opening was used to determine the duration of consonants mad vowels.
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Both interrogative and declarative utterances show final-syllable vowel lengthening. Figure 2 presents six histograms in which vowel duration is plotted against number of syllables in words. For both stressed and unstressed data, the duration of final-syllable vowels, represented by the rightmost bar in each cluster, is invariably greater than that of any other vowel in words of the specified length. For the interrogative uttermaces (S•), the increments (the average length of final-syllable vowels minus the average length of nonfinal-syllable vowels) are around 100 msec for stressed vowels and around 130 msec for unstressed vowels. For the dedarative utterances the increments are not so great; for S,, 90 msec for stressed vowels and 80 msec for unstressed; for S, 70 msec for stressed vowels and 50 msec for unstressed. It was thought that the difference between Sl's increments on interrogative and dedarative uttermaces might have been statistically significant. A t-test of unstressed data only, revealed significant differences between increments for interrogative mad dedarative utterances (t=3.78, df=3, p<0.05). But the t-test for stressed data only revealed no significant differences (t< 1). Figure 3 presents the data concerning consonant durations. For each of the six histograms, duration of consonants is plotted against number of syllables in words. Since the first experiment revealed lengthening trends for initial, penultimate, and final consonants, it seemed reasonable again to display the histograms in a way that differentiated between lengthened and unlengthened (medial) consonants. In Fig. 3 The subjects were instructed to read the utterances of Inventories 2 and 3 without pause between the phrases and words of each utterance. It was particularly important that there be no pause between the nonsnsee word and the words following-it. Had a pause occurred after the crucial nonsense word, it might have been argued that the test was still dealing with utterance-(though not sentence-) final position. Concerning the data for penultimate-consonant lengthening, Sl's data (t= 10.9, dr= S, p<0.001) are in conformity with those of subjects from the first experiment, as well as being in conformity with the data presented in Fig. 6. S2 's data are not drastically different, but his unstressed penultimate consonants do not show lengthening as conclusively (t=l.l, dr=2, p>0.10) as was typical of the data of subjects from Experiment 1.
The data on final-consonant lengthening does appear to differ from data in Fig. 3 and from data from Experiment 1. Although the corpus of data is small, it can be seen that Sl's data for phrase-final and word-final positions shows smaller increments (t= 1.75, df = 2, p<0.10) than his data for utterance-final position as exemplified in Fig. 3 . S2 fails to show final-consonant lengthening in Fig. 3 (Inventory 1) , and in that respect he differs from subjects in Experhnent 1. In any case, S2 also shows small (by comparison with increments found in Experiment 1) final-consonant increments in phrase-final and word-final positions?
The average magnitudes of the consonantal increments are displayed in Table III . Consonantal increments for Inventory 1 are represented in the "declarative" rows in Table II . The average final-consonant increment for the seven subjects of the original experiment was 23 msec and this figure does not appear to differ significantly from S•'s average for final-consonant lengthening in utterance-final position (Table II) . However, no subject from the earlier experiment showed final-consonant increments as small as 4 msec, which appears to be the typical increment for consonants in phrase-final and word-final positions (Table III) Figures 9(a) and 9(b) display the data. The finalsyllable vowel increments here are of a somewhat lesser magnitude than those found in earlier experiments. For stressed vowels, 48 msec is the average increment, and for unstressed vowels the average increment is 32 msec. Vowel lengthening here is significant past the 0.01 level for both stressed (t= 7, dr=3, p(0.01) and unstressed (t= 10.7, dr=3, p•0.002) vowels. The significance of durational variation of segments in different positions in utterances may be considerable. In the first place, most studies of segment duration, even if they are not directly concerned with position-inutterance effects, should take such effects into consideration. For example, any study concerned with the question of whether or not speaking rate changes with word length should take final-syllable lengthening into account? Suppose that the duration of one-syllable words is compared with that of two-syllable words. It would appear that speaking rate increases in pronouncing two-syllable words, i.e., it would appear that the average duration of a syllable decreases for twosyllable words, but in fact it may only be the case that one-syllable words have the durational increments due to final-syllable lengthening and primary stress throughout all their segments, while only half the syllables have such effects in two-syllable words. Any account of average duration of syllables that fails to consider finalsyllable lengthening will of necessity be incomplete.
Consonantal duration data for Experiment
In addition, studies of the physical correlates of stress should take position~in-utterance effects into consideration. Data from the present study'as well as from others 24 indicate that finM unstressed syllables may be as long or longer than nonfinal stressed syllables. Comparisons between final unstressed syllables and nonfinal stressed syllables would suggest that duration is not a correlate of stress at all. Obviously, studies of the physical correlates of stress should compare the duration of final syllables only with that of other final syllables.
What explanations can be given for position-inutterance effects? One suggestion is that lengthening as a function of position-in-utterance results in an acoustic cue which assists the listener in perception. Another suggestion is that some aspect of the articulatory control process causes durational increments in certain positions in utterances.
Haden suggests a perception-based explanation when he describes final-syllable lengthening as a "juncture cue. ,ns Listeners can be thought to locate the boundaries of linguistic units on the basis of durational differences. The demonstration in the present study that finalsyllable increments occur at the end of phrases and words as well as sentences would appear to lend credence to the "boundary cue theory" of final-syllable lengthening.
One of the advantages of the boundary cue theory of final-syllable lengthening is that it can account for worddnitial consonant lengthening. Since word-initial consonants and final syllables are contiguous, wordinitial consonant lengthening can simply be thought of as providing an additional cue to the listener.
One The most convincing reason to doubt the Lindblom theory comes from data on position-in-utterance durariohal effects in questions. Elsewhere I have presented evidence that although there is no amplitude drop (rather an increment) on the final-syllable vowels of many interrogative utterances, still final-syllable lengthening occurs?
Another possible speech production-based explanation of position-in-utterance effects is based on hypothesized characteristics of the motor command system. Some part of the process of pre-articulatory planning • might be concerned with units stretching across words, phrases, and sentences. This planning might, for instance, determine the nature of prosodic patterns. The "planning" theory explanation of final-syllable lengthening suggests that the prearticulatory planning mechanism deals with segmental inpuCs in two stages. During stage one, linguistic units which may stretch across several syllables (for instance, prosodic patterns for words, phrases, and sentences) are planned. During stage two, each syllable is planned individually. It is assumed that before processing of a particular syllable (stage-two planning) can begin, all stage-one planning relevant to that syllable must have been completed. It is assumed further that processing for the two stages cannot be conducted simultaneously. Stage-two processing must shut off temporarily while stage-one processing is performed. Each time stage-two planning of a word-final syllable is performed, a durational increment is applied to that syllable in order to provide 
